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Introduction
When unraveling the geologic history of a region, geologists frequently must determine the age and magnitude of fault motion. Traditional approaches have relied on determining: (1) the ages of pre-, syn-, and post-faulting plutons (e.g., Coney 1980); (2) the age of syn-faulting sediments (e.g., Wiltschko and Dorr 1983), and (3) the age of fault gouge (Lyons and Snellenburg 1971) . The first scheme can constrain fault age if intrusion occurs close to the time of faulting; an ideal but rare circumstance. The second scenario is limited by the fact that syn-faulting sediments commonly are lost to erosion. Besides problems of protolith contamination and thermal stability of gouge products, the third method may only date the last episode of km of accumulated dip-slip in the Late Eocene. We conclude that movement on the Hope fault was coeval with the development of other normal fault systems in the region, suggesting that linkage among Eocene extensional fault systems is plausible, and these findings call into question the importance of strike-slip along the Hope fault and the western Lewis and Clark line.
Regional Tectonic Setting
Variously interpreted to be strike-slip or normalslip, Precambrian to Cenozoic, the Hope fault and its role in the evolution of the northern U.S. Cor 
Kinematics of the Hope Fault
The Hope fault zone is best exposed along the Clark Fork River near Blueslide, Montana (Harrison et al. 1986: loc. 1, figure 1), where it juxtaposes lower Striped Peak Formation (upper Belt) over Prichard Formation (lower Belt). The Prichard Formation is strongly brecciated and fractured along the well-exposed fault surface. The Hope fault zone at this locality dips 28°-35o southwest, which is much shallower than estimated in previous reports (Harrison et al. 1972 (Harrison et al. , 1986 . Minor fault surfaces immediately below the main fault are grooved and striated, with local fibrous quartz veining and slickensides. The dominant attitude of these striations is down-dip (figure 1). In the footwall of the Hope fault 2 km northwest of Hope, Idaho (location 2, figure 1), numerous southwestdipping minor normal faults cut the Prichard Formation and offset the Hope sills (figure 1). At Webb Creek, Idaho (loc. 3, figure 1) Although these kinematic data suggest that at least the last episode of movement along the Hope fault was normal slip, earlier it might have experienced strike-slip movement. However, structures typically associated with strike-slip faulting such as Riedel and conjugate Riedel shears, en echelon folds, and minor strike-slip faults (Sylvester 1988) are not observed in the mapped area or on regional maps. Minor normal faults with displacements of a few meters to tens of meters are the only structures observed in the footwall of the Hope fault. It is unlikely that all evidence for strike slip in the Hope fault zone was completely wiped out during later normal faulting; therefore, normal-sense dip slip is the only type of movement that can be inferred from structural evidence along the Hope fault.
Estimating Dip Slip from Thermochronometry
Plutons intruded into the hanging wall and footwall of a normal fault that has experienced significant and rapid dip-slip displacement should have different thermal histories. In many simple cases, the resulting thermal history contrasts may be interpreted in terms of a total fault offset. Not all plutons exposed across a dip-slip fault need show abrupt changes in cooling rates, as this is a function of the timing of fault movement; an additional mains is estimated by fitting the experimental Arrhenius and log r/ro plots using expressions derived for fractional release of 39Ar (Lovera et al. 1989) . From the domain distribution a cooling history can be determined by iterative calculation of an age spectrum that incorporates the domain distribution parameters (see Lovera 1992, p. 790). The spectrum of closure temperatures (herein referred to as To) provided by the forward modeling of the age spectrum simulates the geologic thermal history that the K-feldspar crystals experienced in nature. Harrison et al. (1991) noted that apparent differences in activation energies were resolvable from the Arrhenius data. In our initial trials using multiple activation energies, we noted a generally high range of closure temperatures in the cooling history models in excess of the temperatures anticipated from considerations of regional metamorphic grade. We therefore have employed the single-activation-energy approach, which results in temperatures more in accord with the lower greenschist assemblages that are widespread in the Belt. The sensitivity of the fit of an individual age spectrum and log r/ro plot varies from sample to sample. In our experience, minor variations in assumed cooling rates or times when rates change for a given cooling history cause drastic deviations in the model fit. The distribution parameters of the diffusion domains are determined by a numerical scheme that can be slightly altered with negligible effects on the modeled cooling history. By varying the parameters of the cooling history we can bracket a range of acceptable fits, thereby demonstrating the sensitivity of calculated age spectra to our model cooling histories.
Thermochronology Results. Granitoid plutons predating fault movement are exposed in the footwall and hanging wall of the Hope fault (figures 1, 3 5a,b) . In the footwall, the composite Vermilion River stock (herein interpreted as two separate plutons) gave one hornblende apparent age of 114 ± 2 Ma (plateau age; 75.2% of total gas; figure 5c, sample VR-9) from the largest pluton, with a second age spectrum for a smaller pluton indicating a minimum age of -140 Ma (figure 5d, sample VR-25).
The stock therefore appears to be at least as old as 114 Ma and may have much older components, assuming the latter date is reliable.
Step-heating results for the hanging wall Kfeldspars are presented in figures 6 and 7. Kfeldspar age spectra for the two plutons (figures 6a, 7a) have strongly contrasting thermal histories (Figures 6d, 7d ). An Arrhenius plot of 39Ar diffusivities versus reciprocal absolute temperature (calculated assuming a plane slab geometry for the diffusion domains) yielded frequency terms (log Do/r2) and activation energies (E) for the initial low temperature steps of 6.3 s-1 and 46.6 kcal/mol, and 6.5 s-1 and 47.9 kcal/mol, for the Beaver Creek (sample BC-1, figure 6a) and Granite Creek (sample J1-109, figure 7a) stocks, respectively. Seven domains were chosen to obtain the fit to the log (r/ro ) plot for sample BC-1, and eight domains for sample J1-109; their activation energies are given in figures 6c and 7c. Thermal modeling indicates cooling of the Beaver Creek and Granite Creek stocks to temperatures of -270° by about 80 Ma (figures 6d, 7d).
K-feldspars from the footwall pluton yield age spectra typical of slow cooling between about 30% to 90% (VR-9), and 20 to 80% 39Ar released (VR-25), at rates <1°C/Ma, to nearly isothermal (figures 8d, 9d) . The flat portion of the spectrum be- tween 7% and 30% gas release (sample VR-9, figure 8a) is indicative of rapid cooling at rates of --600C/Ma, beginning at 40 Ma (figure 8d). Initial release of excess argon (0 to 7%) precludes use of this part of the spectrum for analysis of the thermal history. K-feldspar of sample VR-25 yields a nearly identical cooling history corroborating this result and extending evidence for rapid cooling at rates of -60°C/Ma down to 36 Ma (figure 9d). Sensitivity tests were carried out to determine the effects of small changes in the cooling history on model fits to the K-feldspar age spectra. Because there rarely is a perfect fit of the model age spectrum with the age spectrum calculated from the step-heating data, we have attempted to show how sensitive the models are to assumed cooling history details. In figure 8a (VR-9 K-feldspar), model 1 is a synthetic age spectrum generated using a thermal history with a cooling rate of 22°C/Ma, between 71-70 Ma. Varying the rate by ± 2°C/Ma results in substantial deviations, making the model age spectrum either younger (20°C/Ma, figure 8a, model 2) or older (figure 8a, model 3) . These variations show that the envelope of possibilities for this particular thermal history model is in the range of + 5°C/Ma for a substantial amount of the gas released. The minor mismatches of the model with the measured age spectrum were similarly evaluated for the second K-feldspar sample from the Vermilion River stock (figure 9). The cooling rate of 16°C/Ma beginning at 71 Ma in model 1 is increased by 1°C to 170C/Ma in model 2 (figure 9d). The resulting shift in the model age spectrum is dramatic ( figure 9a ), yet the thermal history is essentially indistinguishable from model 1. Of greatest importance is the fact that the overall form of the thermal history with an older stage of fast cooling followed by very slow cooling and then another interval of fast cooling must be present in order to generate even a loose fit to the age spectrum.
Discussion
The pre-kinematic nature and slow cooling histories of both the footwall and hanging wall plutons during the Cretaceous, followed by rapid cooling of the footwall plutons in late Eocene suggests that a component of normal slip on the Hope fault was the likely cause of the rapid cooling. A summary of all the K-feldspar model cooling histories is presented in figure 10. K-feldspar closure temperatures for the flat segments of footwall plutons cooling histories before the 40 and 36 Ma segments (figure 10) are -3000C, indicating that these rocks probably were at depths of 9-14 km at that time, whereas the hanging wall rocks last experienced that temperature at about 65 to 80 Ma or earlier. 
